Information technology has proved to be the most vital part in sustainable development of any domain. In the next era, mobile technologies will create a greater impact on the humans due to inbuilt sensors and processing capabilities. Thus, by identifying this trend we have designed a holistic mobile based system to aid the information needs of farmers throughout the farming life cycle. This system is aimed at addressing the information gap among farmers and other stakeholders of the agriculture sector such as traders, government and private organizations. While diagnosing the problem domain, it was identified that, not only the static information such as pest and diseases, but also the dynamic information such as market prices, should be made available to the farmer to take correct decisions at the right time. Thus, our system would gather data from different sources to create better linkages among the stakeholders of the agriculture domain while increasing the information transparency of the farming life cycle. Further, the intended design will open up opportunities for predictive models to strengthen the decision making process.
Introduction
During the last decade mobile information technology had revolutionised human lives and penetrated significantly through different sectors of developing countries. Moreover, it has proved to be the most vital part in sustainable development of any domain as it caters towards the economic growth of a country by eradicating poverty [2] [3] [4] [5] [6] . High mobile penetration even within the rural sectors, has laid us the foundation to further explore how such technologies can be applied to enhance the sub optimal decision making process of farmers which currently causes them financial difficulties. Further, mobile technologies have proved to reduce the cost of information accessibility and the uncertainty of decision making process [5] . Having identified this trend we have designed an intervention model to address the significant problems associated with agriculture industry in Sri Lanka. This paper describes the steps we have carried out in diagnosing the current issues faced by the farming community and the way we have reached the proposed interventional model by following the action research methodology. Further, it will elaborate how the proposed intervention model will be evaluated in the near future with active collaboration among farmers and other stakeholders.
Mobile penetration has increased tremendously during the last four years. By the end of 2011, 86% of the global population uses a mobile phone for various purposes [7] . Consequently, in developing countries this mobile growth is around 80%. Accordingly, today, even the most rural communities in developing regions tend to use mobile phones for communication purposes as it has become a very versatile device among people. Mobiles are not just limited for communication, but there are various benefits people can reap due to the power of mobile technology. This technology can further, contribute to a greater extend to the development of a country.
Thus, this project is aimed at investigating how these technologies can be used to enhance the lives of the people and in turn the development of a country. In current context farmers in Sri Lanka face various difficulties in their farming life cycle due to the lack of information visibility. As a result there is a potential drastic impact on the food production of Sri Lanka, and in turn the sustainability of the food production in the country. Having identified this national need we have focused on the causes behind these issues and how the farmers would be connected to essential information sources. For this we have identified the concept known as Social Life Network (SLN) particularly for farmers via the mobile technology. Social Life Network is to connect people with other essential life resources [8] by the integration of available information sources through aggregation. Eventually, SLN would be the starting point for improving the livelihood of human beings in the near future [8] .
The rest of the paper is organised into four main sections. The next section would provide a basic introduction, the background and the key issues faced by the farmers identified through domain analysis. The section 3 would provide a critic of the related research. The section 4 would elaborate on the methodology we have followed and the results obtained in order to propose the interventional model. Final section provides the concluding remarks and the future work.
Background and Rationale

Mobile and Technology Usage
In Sri Lanka there has been a tremendous growth in mobile phone subscribers for the past four years. As shown in Figure 1 there is a significant increase in mobile phone usage from the year 2008. According to the statistics, the number of Cellular Mobile Subscribers at the end of March 2012 was around 18,866,134 [9] , which is around 91.3% of the total population proving the fact that it has become a part of our daily lives. As to verify how the farming community use mobile phones we have conducted few surveys. The total sample size 45 farmers were interviewed in this regard in three different surveys. Among this sample group around 93% were using a mobile phone mainly for taking calls and especially for inquiring agriculture related information via agriculture experts such as agriculture instructors and officers from Department of Agriculture. Among these farmers around 69% were using the mobile phone to get the current market information from the vendors to whom they usually sell the harvest. On the whole only around 76% were using the SMS (Short Message Service) facility for communication. Thus, in current scenario, it is evident that farmers do take advice and help with regard to their farming activities from agriculture experts and other stakeholders such as vendors in order to make decisions during their farming life cycle. On the contrary, computer usage or the internet usage among farmers is relatively low.
Moreover, during the surveys it was further identified that the young farmers were willing to embrace the evolving technology compared to the elder generation. Accessibility, mobility and low cost played a major role in adapting these technologies in their day-to-day life. Thus, it is vital to identify how these technologies can be used in a more productive manner to aid the information needs of farmers.
Prevailing Farmer Issues
Small farm holders in Sri Lanka face various issues in their farming life cycle. Though they spend most of their time and money on the farming, ultimately they end up in poverty due to the low income that they get from their farming activities. We have carried out two surveys to investigate the current situation of the farmers. These were conducted to identify the causes and the effects behind these issues. Based on the data that was collected we have designed a causal map [10] for the problem domain. This has led us to reveal the following causes behind the current situation faced by the farming community. Further information in this regard can be found in [10] . In summary, lack of information with respect to the following factors/information has led the farmers to face the current situation.
1. Sudden weather changes: Weather is the most dominate factor which has a severe impact on the whole farming cycle. Harvest and the yield quality of a specific crop highly depend on this weather factor. In the ancient past farmers had a good knowledge regarding the weather pattern in different seasons. This knowledge was mainly gained via ancestors. Depending on this knowledge, farmers planned and engaged in their farming related activities to increase the quality and the productivity. However, during the recent past the entire nation is facing sudden weather changes. As a result, ancient knowledge itself is insufficient to plan their farming related activities throughout the farming life cycle. In the current context farmers were being challenged due to these sudden changes of the weather. Therefore, they have been unable to take precautions to save their harvest or to maintain the quality of the yield.
2. Agricultural knowledge: Even today farmers believe in various myths regarding different pest and diseases that affect the crop. They do follow the steps of the ancestors to treat such attacks. However, due to the advancement in technology, research and development sector in agriculture is far ahead in identifying possible cures for such causes. However, during the study it was identified that this information is not flowing properly to the farmer to take necessary steps at both crop choosing and growing stages. If knowledge with respect to possible pest and disease attacks is available at the time of crop choosing stage, it will help the farmer to take necessary 0 5,000,000 10,000,000 15,000,000 20,000,000
Mobile Telephones Growth 1992-2012 March precautions to either avoid or to minimize the possibility of such attacks. On the other hand, at the growing stage, it will help to correctly identify the attack and to treat in an appropriate way to minimize the effect on the yield. Farmers also face difficulties in identifying new crop varieties that have a high demand at the market level. They are also not aware of how to get such high quality seeds at a reasonable price. As such information is lacking, farmers are compelled to use the existing knowledge when taking important decisions such as what crop to choose. However, during the study it was further identified that organisations such as Department of Agriculture, research institutes and other private sector institutes in Sri Lanka, do vigorous research on hybrid crop varieties. Some government organisations sell these seeds at an affordable price when compared to other organisations. However, in current context this information does not reach the farmer at the right time for them to decide on what to grow.
3. What other farmers grow: Due to the nature of farmer inheritance, farmers are used to cultivate what their ancestors have cultivated. In addition to that mostly they take easy paths in cultivation to earn money without much effort. In that case they use to choose crops that can be easily maintained with less labor and cost. However, they are unaware that this choosing practice can create a huge impact on the revenue at the time of selling as this may led to an excess supply of a particular vegetable. This in turn leads to a huge wastage [11] [12] [13] destroying the dreams of the farmer. According to the farmers' opinion and other investigations there are situations where unknown to each other, the majority of the farmers cultivate the same crop in the same/other region(s). This unawareness among the farmers as to what the others grow mainly causes excess supply situations. As recorded by leading news papers in Sri Lanka, farmers in Nuwara Eliya region had to throw their carrot harvest [11] and farmers in Dambulla region had to throw their tomato harvest in to garbage bins at the market due to this surplus situation. Thus, by knowing and being aware of what others grow would decrease the potential for a surplus situation.
Government policies and decisions:
The government finds it difficult to predict the current level of food production in the country before deciding how much to export. This happens as a result of inefficient data (cultivated crop type, estimated yield and time of harvesting) collection process from the farmers. As a result, vital information is not available at the time of making decisions. These incorrect decisions in turn create a hard time for the farmers leading to financial difficulties. This bottleneck can be overcome by following a systematic process in data gathering and making them visible in an efficient way.
Vendor information:
Currently, most of the farmers target a specific vendor to sell their harvest.
However, in case of increased number of farmers selling a specific crop yield will reduce the opportunities for the farmer to get a good price for their harvest. There were instances where the farmers had to throw their cultivation to garbage bins as there were no buyers at the market due to excess supply. Lack of vendor information among farmers also prevents them from selling or distributing their products in other regions. Thus, this wastage can be minimised if there is better communication among other stakeholder such as vendors, food processing companies or exporting agencies. On the other hand, though consumers should be getting the benefits of such surplus situations, currently they are totally blind of what is happening at such places due to the role played by the middle persons. As a result when it comes to the consumer level the prices are high as usual.
Based on the above analysis, it is evident that what farmer requires is an aggregated information hub, where farmers can access the data/information at the right time to make optimal decision. This can be achieved via a Social Life Network [8] which aggregates data through different data sources. No such initiatives has been carried out so far in order to identify how this dispersed information available in various sources can be integrated to produce useful information. This involves managing distributed data which are stored in different data models, creation and management of data warehouses to identify patterns particularly for selling prices and weather forecast and the investigation of human computer interaction issues depending on the farmer literacy level and the language they use. This will further aid the decision making process of the farmers increasing livelihood and sustainability.
Related Research
Our work is inspired by the idea presented by Ramash Jain et al. [8] on the concept known as "Social Life Networks". Social network has become the most popular intervention of the emerging technologies during the last decade. Due to the rapid growth and spread in Social networks, today we are in an era where we need to identify how such technologies can be used in a fruitful way to address the need of the people in the middle of the pyramid. Even today there is evidence to show that how these social networks have been used by the farming community in other countries to gain various benefits via communication [14, 15] . According to Economic Times, few months back there was an incident where turmeric farmers of the Maharashtra's Sangli district in India, used the face book for communication in order to find a solution to the oversupply situation that they had to undergo [15] . This incident also highlighted the speed in which information spread in these networks. In a matter of minutes, the news was conveyed to 35 farmers on social media from Sangli district alone. The news went viral after that". The wonder in social networks, is the speed in which the rumours spread when compared to any other network [16] . Owing to this speedy spread of information it is essential to investigate how such data can be presented to the needy in a fruitful way to get the information in order to make optimal decisions at the right time. Thus, connection between people and essential life resources is the concept behind Social Life networks [8] .
mKrishi [17] is a such an attempt implemented in India to connect rural farmers with agriculture experts using mobile phones. The client application is placed on the mobile of a farmer while the experts console is accessible via an mKrishi server. Farmer is provided with a camera phone. This gave them the opportunity to capture any crop disease or pest attacks that affect their cultivation. These images were transmitted to the mKrishi server along with a query recorded using the microphone sensor of the phone. Further, it collects data from various sensors placed in weather stations to add more value to the query. This information makes the agriculture experts to investigate the issue with various weather/soil factors. Thus, this application demonstrates how data can be easily combined with sensor data via a mobile phone. However, in order to empower the farmer this information alone is not sufficient. There should be an efficient way of integrating the information sources to aggregate the required, valuable information to the farmer and other stakeholders to make optimal decisions at the right phase of the farming lifecycle using the right technology.
Different surveys have been conducted in different countries to analyse how the technology can be used to provide agriculture knowledge to rural farmers and in turn to improve the livelihood while ensuring sustainability [2, 18, 19] . As such today the mobile acts as a catalyst to transfer agriculture knowledge to the farmer to reduce the risks that they face in day-to-day activities. Thus, in the literature, it is evident that mobile technology has proved to be the most accessible method of information of any domain due to the characteristics of a mobile phone; mobility, low cost and accessibility [20] .
Mobile based initiatives have been currently developed in developing countries such as India, Bangladesh, Kenya and Africa. Avaaj Otalo (voice stoop) [20] which is accessible via a mobile phone is an interactive voice application developed for small-scale farmers in rural India. This was an attempt to expose the farmers to on time agricultural knowledge when necessary by connecting or posting a message to an expert. Question and Answer forum, announcements board and radio archive are the main features provided in this application. This application was used by the majority due to the radio archive facility. Due to the limitations in expressing their problem with aid of real time information, reduced the success of such voiced based applications.
eSagu is another initiative carried out in India to provide personalized agriculture advice via expertise for issues related to the farming [21] . Farmer or a coordinator capture the issues related to farmers such as crop diseases via a mobile phone. Then it is sent to the agriculture experts for advice. The advice is sent back to the farmer or to the coordinator via the mobile phone. When compared to mKishi the only different is that the eSagu requires entering the current status of the soil and weather conditions in order to let the expert know the background of the situation increasing the work load. Also if incorrect status has been entered the danger of this application providing an incorrect solution.
The KACE (The Kenya Agricultural Commodity Exchange Limited) is another application which provides market information via mobile phones linking both the farmers and the traders [22] . This creates many opportunities by creating better linkages via bids and matching vendor offers. In contrast to other applications this was an initiative to provide dynamic information; market prices. Unfortunately usefulness of this application is not high as this is assisting the farmer only at the selling stage.
In the literature, there are many mobile based agriculture information systems to help farmers in different contexts. A thorough survey done on information systems for small produces in global value chain lists very large number of such applications [23] . However, these applications currently address one or few aspects of the farming cycle which limits the usefulness. Therefore, to aid farmers throughout the farming life cycle in order to make optimal decisions it is essential to provide the correct information at the right stage. Moreover, to provide essential information it is vital to identify an integrated mechanism so that aggregated information can be made available to the farmer to make informed decisions.
Similarly, in other fields, such as fisheries and healthcare also many mobile applications can be found [24, 25] . These have created vast amount of opportunities for the people in these sectors while increasing the information traceability. IDSAS (Infectious Disease Surveillance and Analysis System) is an example for such study based on a mobile system developed in Sri Lanka to monitor the animal health. This has an early warning system which will indicate any diseases that have the possibility of spreading [25] . A similar study has been conducted for the fisheries in Sri Lanka, targeting the betterment of the rural community [24] .
Thus, need of a better linkage among people and essential life resources are identified to be the essential aspect behind the success of any domain. However, this needs systematic research investigation to increase the efficacy and the usability of the invention.
Action Research Methodology in Designing the Proposed Intervention: Results and Discussion
Action research is a systematic investigation in which real user collaboration is highly motivated in order to explore the problem scientifically. According to literature this methodology is mostly applied to solve practical issues in the real world [26] [27] [28] [29] . As stated by Rapoport, "Action research aims to contribute both to the practical concerns of people in an immediate problematic situation and to the goals of social science by joint collaboration within mutually acceptable ethical framework" [30] . Thus, this methodology combines the two processes; action and research to be occurred at the same instance rather than applying separately. Further, it aims at developing selfhelp competencies of the people who are facing the issue [1] . Following characteristics [31] of action research made us to follow this approach to make an intervention for the prevailing farmer issues in Sri Lanka.
• The practical nature-The current issue faced by the farming community is a national demand that needs a solution that is applicable in the context of the domain.
• Change and professional self-development-due to the two folds nature of this methodology, change will occur parallel to the research. This nature will give the opportunity to further discover the phenomena behind the farmer issues and to identify the loopholes of the current situation. Since we are dealing with a low literate portion of people, need of improving the practices that they are currently engaged with is also identified as an essential contribution to the research. Thus, incorporating this methodology will also let us to improve the practices while developing the self-competencies of the farmers.
• Participation -in this particular approach both the researcher and the practitioner must take part in the research [31] . As such, in this study we will be collaborating with the stakeholders of the farming domain such as farmers, traders, government and other private institutes to guarantee the intervention is applicable and usable. This will further increase the ability to observe the stakeholders to find out their exact needs. Thus, this approach is identified as the most suitable due to the nature of collaboration.
• Cyclical process -action research life cycle, shown in Figure 2 , is a collection of phases organized like a spiral [28] . The most deserving fact of this cyclical process is the nature of feeding the research directly back to the practice while reflecting on consequences.
Due to the above mentioned characteristics, in this research we have applied action research methodology. As shown in Figure 2 the cyclical process consists of 5 major phases. Under the next sub sections these phases will be further elaborated with the steps we have carried out in proposing the suggested model.
Diagnosing -Problem Identification
Diagnosis is the first phase of the action research cycle which involves in identifying the problem associated with the domain. According to Baskerville, these are the "underlying causes of the organization's desire for change" [32] . We have used data collection methods such as questionnaires and interviews to investigate the current issues in the farming domain. Farmers and agriculture experts were included in these surveys. Based on these observations and data a Causal diagram on farmer issues was produced to clearly grasp the causes for the current issue faced by the farmer. More information regarding this can be found in [10] .
During the surveys it was further identified that currently farmers are not benefitted from the generated and available data in any of government organizations, private institutes and other research institutes. Even the data collected from the farmer is not used in a manner which is useful to the farmer himself or to the policy makers due to the inefficient way of data collection and storage. Thus, we have proposed a farmer centric information flow model to solve this issue.
For further elaboration, a thorough literature survey was conducted. During this stage both related work done in Sri Lanka and other developing countries were analyzed. Issues in existing applications or approaches, and failure for such efforts were also identified to get a better understanding of the intervention that needs to be made.Based on these observations following crucial needs were identified in order to address the prevailing farmer issues.
1. An efficient data collection method in order to facilitate information prediction. 2. Farmer centric information flow model to aid the information needs of the farmer.
Action Planning -Specifying Organizational Actions
Based on the finding at the diagnosis phase, led us to identify required information need by the farmer and the current sources in which the information is available. As such the Department of Agriculture (DOA), Research institutes (e.g. Hector Kobbakaduwa Agrarian Research and Training Institute-HARTI) and other private institutes have been identified as the main agriculture information sources. The information related to crop varieties, potential disease attacks, pest controlling information and fertilizer requirements are currently been generated by these sources. However, it was identified that in the current scenario there is no proper integration between these sources to produce needy information of the farmers. Due to this isolated behaviour farmer is been penalized for taking incorrect decisions at the most important stages of the farming life cycle. Moreover, the data on weather changes, vendor related information, market prices, government policies and other imposed taxes need to be traced and captured in order to provide essential resources such as agriculture knowledge, weather data and vendor information, to make optimal decisions at the right time.
Thus we have proposed an intervention model; a Social Life Network (SLN) Architecture, to share essential life resources among different stakeholders of the farming domain. This intervention is planned in mainly three stages to facilitate technology adaptation among farmers and to ensure data accuracy for further predictions.
Stage 1
In the current scenario, the agriculture instructors (AI) collect data related to farmers, such as the different crops that they grow and their cultivation extent. However, the data collection process is entirely paper based. Due to this inefficient data collection process, today most of the important data is hidden from the farmers and stored only for their internal usage. During the surveys it was further identified that some records were not used for anything, though this data have an immense power in predicting the food supply beforehand. Information with regard to the crops grown by the farmers, the land extent, the expected cultivation yield and the time are some imperative facts that can be used for prediction. Thus, a better way of collecting these data was identified during our research in order to create an impact on the current situation of the farmers.
In the proposed model, during the first stage AI will gather farmer information such as farmer details (name, phone number, etc.), currently grown crop varieties and the land extent per crop using a mobile device. The mobility provided by this method enable to record data at the point of capture which enhance efficacy of data collection. This will lead us to create a comprehensive database of farmers, shown as 'Farmer AI database' on Figure 3 . This data base will be used at the first stage to create the proposed SLN architecture.
The proposed stage 1 design was evaluated using 5 agriculture experts including an AI. They have provided positive feedback in using such a mobile device to increase the efficiency of data collection process.
Stage 2
During the next stage the farmer is provided with the facility to enter his/her own data similar to what was collected via the AI's at the First stage. This will create the database known as Farmer Database shown on Figure  4 . This will give us the opportunity to verify the accuracy of the data entering process of the farmer to enhance the precision of the predictions that will be made by the proposed SLN at the final stage. Moreover, the confidence of using these data will increase while ensuring data prediction accuracy.
The willingness of entering data was evaluated using 15 farmers in the Dambulla district division of Sri Lanka. 100% user willingness was observed during that survey. However, accurate willingness will be evaluated after developing a prototype and while observing the way they use the model. 
Stage 3
Based on the findings from stage 2, the third stage will be designed while relying on the information farmers will provide in relation to types and quantity of crops that they cultivate. As shown on Figure 5 the other information required by the SLN will be created by the perspective responsible organizations.
The proposed SLN will address the information needs of the farmers in the three main stages of the farming life cycle namely; crop choosing, crop growing and crop selling. The architecture, will integrate each data source to produce aggregated data to guide the farmer with key concerns that they may come across in their farming life cycle. Some examples of these farmer concerns are illustrated in Table 1 .
The proposed SLN architecture was evaluated using 5 agriculture experts and 15 farmers to ensure the usefulness. They have mentioned that this type of an intervention model will be essential to obtain information to make optimal decisions at the right stage. Further, as pointed out by the agriculture experts including an AI mentioned that this type of an information centric model will reduce their work load as farmers themselves will be able to get required information rather than relying heavily on them. Moreover, they have also pointed out the capacity of serving the information need of the stakeholders of the domain in order to make predictions. They have also showed their willingness in using such a model to obtain as well as to supply information when necessary. Thus, the proposed SLN architecture will aid to bridge the information gap among different stakeholders while creating strong linkages among themselves. Figure 5 . The proposed SLN architecture 
Action Taking, Evaluating and Specifying Learning -Way Forward
Having completed the diagnosing and action planning stages of the action research life cycle we are now planning the next step which is action taking. For this we are planning the prototype implementation of the social life network. This will include creation of the required data sources, integration and aggregation. Further, to ensure farmers can easily interact via the mobile devices which are essential for the success of the SLN architecture, user friendly, usable interfaces will be implemented and evaluated.
After introducing the interventions data would be collected from the domain. These data would be analyzed to evaluate the success rate of the interventions. This will be done in collaboration with the stakeholders of the farming domain.
This would further include the evaluation of mobile interfaces and the usability factors of the mobile interfaces. Moreover, the proposed solution will be evaluated by conducting user testing to ensure the research addresses the main concerns of the farmer identified in Table 1 . This will ensure the degree to which the proposed action met the requirements of the problem. If the action is a success then it will be further analyzed to see whether the action has been taken under multitude of practices to avoid any biased situations.
Based on the results, next would be to reflect upon the findings of the surveys and the usability testing. This would further let us the prospect to identify the reasons behind the successes and the failures if any. Knowledge gained during this process will be used to restructure the organizational model or to build a foundation for further action research interventions. Moreover, based on this knowledge a theoretical frame-work would be established for future researchers.
Conclusion
Mobile technology is becoming the most versatile tool even within the rural sectors of the developing world. The mobility, accessibility and low cost are the main reasons behind this popularity. As such in the modern era, researchers are trying to investigate the possibility of producing services and information via the mobile devices. In this paper we have presented a high-level architecture for an information hub centered on farmers to meet the information needs at various stages of the farming life cycle. This paper summarizes the issues faced by the farming community, technology usage and the proposed interventional model to cater for the information needs. The surveys that we have conducted highlighted the interest among stakeholders of the farming industry for such an architecture where the information will be integrated and aggregated to produce essential resources.
